Abstract Metagenome represent an unlimited resource for discovery of novel genes. Here we report, sequence analysis of a salt tolerant metagenomic clone (6B4) from a pond water metagenomic library. Clone 6B4 had an insert of 2254 bp with G+C composition of 64.06%. DNA sequence from 6B4 showed homology to DNA sequences from proteobacteria indicating origin of 6B4 metagenomic insert from a yet uncharacterized proteobacteria. Two encoded proteins from clone 6B4 showed match with ATP-dependent Clp protease adaptor protein (ClpS) and phasin, while two truncated encoded proteins showed match with poly-3-hydroxybutyrate synthase and permease. Clp complex is known to play a role in stress tolerance. Expression of ClpS from metagenomic clone is proposed to be responsible for salt tolerance of the metagenomic clone 6B4.
Introduction
The phenomenon of bacterial salt stress tolerance is quite complex. It has been observed that organisms which thrive in saline environmental conditions possess specifi c mechanisms to maintain their osmotic balance. The salt stress tolerance genes have been involved in the recovery of turgour loss due to osmotic shock by uptake and/or de novo synthesis of organic (amino acids, sugars, polyols) and inorganic (K + ) compatible solutes and inducing general or specifi c stress tolerance genes [1] . Bacterial genes coding for enzymes catalyzing the synthesis of different classes of compatible solutes were successfully used for generating salt tolerant transgenic plants, for example, carbohydrate; trehalose [2] , polyols; mannitol [3] , amino acid derivatives; glycine betaine [4] and ectoine [5] .
The microbial diversity present in the environment has been severely underestimated. This occurred profoundly since the determination of bacterial diversity relied on identifying bacteria by culturing from the environmental samples, without realizing the degree of bias introduced by the chosen culturing conditions [6] . Metagenomics has changed the way microbiologists approached different problems; it has also accelerated the rate of gene discovery. Metagenomics has vast potential which can be used in the fi eld of biotechnology. The functional screens have identifi ed new enzymes and antibiotics and other reagents from metagenomic libraries of diverse environments [7] .
To exploit the gene pool of pond water microbial communities, a metagenomic library was prepared earlier and novel lipolytic genes were identifi ed [8] . We envisaged that some of the clones in our metagenomic library would also possess salt tolerance genes, which may fi nd application in
production of salt tolerant recombinant bacterial strains and transgenic plants [2, 3, 4] . To identify salt tolerant clones, we enriched the pond water metagenomic library for clones with an ability to grow in 750 mM NaCl containing medium. The enrichment resulted in isolation of three salt tolerant clones; two of the clones were sequenced and characterized earlier [1] . The third clone showed slower growth even in normal LB medium supplemented with ampicilin and hence was not characterized initially. In an attempt to identify salt tolerance genes from the third clone and to understand why the clone behaved differently from the other two clones in normal LB medium, we sequenced the third clone. Sequence analysis and gene expected to be involved in salt tolerance of this clone is presented in this report. Clone 6B4 was found to grow at 750 mM NaCl in comparison to control which failed to grow under similar conditions [1] . The clone was further tested for its salt tolerance in LB medium supplemented with 750 mM KCl and ampicillin. The clone showed maximum growth at 28 h ( Fig. 1 ) but the control did not show signifi cant growth under same conditions.
The DNA sequence of both strands of p6B4 was obtained by sequencing transposon-fl anking regions of the plasmids mutated by template generation system and primer walking [1] . DNA sequence of 2254 bp having G+C composition of 64.06% was obtained. The sequence obtained from the clone 6B4 was deposited in GenBank under accession number HM117648. Nucleotide BLAST analysis resulted in match in short stretches 227/264 (85% identity) with Erythrobacter litoralis HTCC2594, 239/287 (83% identity) with Sphingobium japonicum UT26S, 59/70 (84% identity) with Bordetella avium 197N and 30/30 (100% identity) with Polaromonas sp. JS666. Previously characterized salt tolerant clones from the library had a G+C composition of 59.58 and 63.97% [1] . Clone 6S2 showed signifi cant identity with Rhodoferax and Polaromonas but clone 5B2 did not show any nucleotide identity with known sequences in the databases [1] . Even though the sequences from three clones had similar G+C composition, nucleotide BLAST analysis indicated at the possibility that metagenomic inserts in three clones originated from unrelated proteobacteria.
Four Open Reading Frames (ORFs) were identifi ed by ORF fi nder. Two ORFs showed match with ClpS and phasin, while two truncated ORFs showed match with poly-3-hydroxybutyrate synthase and permease ( Table  1) . Organization of these ORFs is shown in Fig. 2 . One of the encoded proteins showed match with 81% identity to ATP-dependent Clp protease adaptor protein, ClpS from Erythrobacter sp. NAP1. It had conserved domains of ClpS family (COG2127, pfam02617, PRK00033, PRK13019). Another encoded protein showed match with 55% identity to phasin from Erythrobacter sp. SD-21 and it had conserved domains of Phasin2 family (pfam09361, COG5490). Whereas one of the truncated encoded proteins showed match with 63% identity to poly-3-hydroxybutyrate synthase from Erythrobacter sp. SD-21 and it had truncated conserved domains for PhaC Poly(3-hydroxyalkanoate) synthetase (COG3243), PHA_synth_I, poly(R)-hydroxyalkanoic acid synthase, class I (TIGR01838), and PHA_ synth_II, poly(R)-hydroxyalkanoic acid synthase, class II (TIGR1839). The other truncated encoded protein showed match with 78% identity to predicted permease (YjgP/ YjgQ) from Novosphingobium aromaticivorans DSM 12444. It had truncated domains for predicted permease YjgP/YjgQ family (pfam03739) and predicted permeases (COG0795) from permease YjgP/YjgQ family.
The two truncated genes are not expected to form functional proteins and only ClpS and Phasin genes are expected to produce functional protein. These two genes may be involved in salt tolerance of the clone 6B4. Phasin proteins are important for polyhydroxy alkanoates storage and metabolism [9] . Polyhydroxy alkanoates are produced by the bacteria under environmental stress conditions [10] but are not reported to play any role in salt stress tolerance.
ClpS is a monomeric adaptor protein that binds to the N-terminal domain of ClpA subunits and alters substrate recognition by ClpAP [11] . The ClpAP protease is composed of ClpA, a hexameric AAA+ ATPase/protein unfoldase, and ClpP, a 14-subunit protease [11] . ClpS directly interacts with the destabilizing N-terminal residues and transfers them to the ClpAP protease complex for degradation [12] . Clp family has been shown to act as molecular chaperones. These proteins can undo protein aggregates resulting from heat shock or other stresses and also play important role in degradation of polypeptide chains in an ATP-dependent manner [13] .
ClpS is usually encoded immediately upstream of ClpA in the genomes of proteobacteria. ClpS homologs exist in bacteria. A group of ClpS is found in the genomic context of ClpA, which is universally distributed in proteobacteria and another group that is not linked to a ClpA is found broadly in actinobacteria, cyanobacteria and plant chloroplasts [14] . ClpS is distantly related to a domain of the eukaryotic E3 ubiquitin ligase, N-recognin. E3 ubiquitin ligase has been shown to be important for abiotic stress responses [15] .
Salt stress and other stresses result in aggregation of cytoplasmic proteins. We propose that the multicopy expression of ClpS in metagenomic clone might be involved in increased recognition of aggregated protein for refolding or degradation by ClpAP complex and allow stress tolerance. Unwanted degradation of essential proteins due to expression of ClpS under normal growth conditions may be responsible for the slower growth of clone 6B4 in LB medium. Overexpression of the clpS gene alone under an inducible heterologous promoter will help in testing this hypothesis in near future. 
